Introduction
The laparoscopic technique in colonic cancer surgery has significant benefits compared to the open technique, such as shorter hospital stay, less post-operative pain and earlier return to normal activity with similar oncological outcomes [1] [2] [3] [4] [5] . All the randomized control trials [5, 1, 4, 2, 6] that compared open with laparoscopic colectomy for colon cancer though excluded cancers located in the transverse colon. The potential reason for this has been the perceived increased difficulty of laparoscopic lymph node dissection around the middle colic artery and vein, the potential for increased intraoperative complications because of the close proximity of the transverse mesocolon to structures such as the duodenum, the pancreas and the superior mesenteric artery, as well as the low incidence of transverse colon cancer [7, 8] . A number of studies have suggested that the laparoscopic approach may compromise the oncological clearance of the tumour and provide a less radical dissection of the transverse mesocolon [9] [10] [11] especially when the aim is complete mesocolic excision at the transverse mesocolon.
Over the last few years the increasing experience in laparoscopic colonic resections among surgeons has led to the cumulative publication of several studies comparing the oncological 
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Methods
This systematic review and meta-analysis followed the PRISMA guidelines Supplementary Figure   1 [12] . A protocol was available to all the authors of the study.
Inclusion and exclusion criteria
All randomized or case control trials comparing the open to the laparoscopic colectomy techniques for histologically proven transverse colon adenocarcinoma were included in the study.
Transverse colon cancer was defined as cancer involving the transverse colon excluding the hepatic and the splenic flexure. Studies that compared open with hand-assisted laparoscopic colectomies were excluded. For duplicate studies the most up to date study was included (see PRISMA flow chart).
The primary outcome of the study was 5 year overall survival. Outcomes such as 5 year disease free survival, anastomotic leakage, intraoperative blood loss, operating time, time to first oral intake, length of hospital stay, overall morbidity and mortality were also compared between the two groups.
Search Strategy
Medline, Embase, Cochrane library, Scopus and Web of Knowledge databases were searched by two independent authors for studies comparing open with the laparoscopic approach for transverse colon cancer from 1990 to July 2016. CAB abstracts and Asco University libraries were also searched for abstracts. The following Mesh terms were used: "transverse M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 5 colon adenocarcinoma", "transverse colon neoplasia", "transverse colon malignancy", "transverse colectomy", "extended right hemicolectomy", "extended left hemicolectomy", "laparoscopy", "laparoscopic", "minimally invasive" and "open" with no language restrictions. The results of the electronic search were screened through the title, abstract and/or a full publication review.
Data abstraction and validity assessment
The data from the selected studies were extracted by two independent authors to predefined tables. The tables included but were not limited to independent variables, patient characteristics, paper statistics, short and long term outcomes quality assessment of included studies as per Cochrane Handbook [13] and Newcastle Ottawa Scale(NOS) [14] .The quality assessment of the studies was performed independently by two authors.
Statistical Analysis
For continuous data weighted mean difference (WMD) and 95% confidence intervals (CI) were calculated. In studies that did not report mean and standard deviation values for their continuous data an estimate was calculated [15] . For dichotomous data an odds ratio (OR) and 95% CI were calculated. An OR of less than 1 favored the laparoscopic approach. HR was used for disease free survival and overall survival data. A hazard ratio (HR) of less than 1 favored the laparoscopic approach. For studies that did not report a HR an estimate was calculated from the Kaplan Meier curve [16, 17] . Subgroup analysis was done for high and low quality studies, totally laparoscopic vs laparoscopically assisted and high versus low tie of the middle colic vessels. High quality studies were considered the studies scoring more than 8 in the NOS. Sensitivity analysis was performed excluding studies that reported a laparoscopically assisted technique, low quality studies and low tie. Meta-regression was not performed as the number of studies was low. I 2 and χ 2 were used to assess statistical heterogeneity. If it was found to be above 50% the random effect model was
used for the analysis. Publication bias was assessed by visual interpretation of the symmetry of the funnel plots.
Results
Selection and quality assessment
Eleven case control trials [8, 7, [18] [19] [20] [21] [22] [23] [24] [25] [26] All the studies apart from one [18] provide data on the stage of the disease. Nine studies reported the stage according to the TNM and one study [8] reported on the use of chemotherapy. Most of the reported outcomes were not clearly defined.
The quality of studies (Newcastle Ottawa Score) can be found on Table 1 . The studies were found to be sufficiently homogeneous to meta-analyze their results.
Meta-analysis
Funnel plot visual interpretation did not reveal any publication bias in any of the reported outcomes. 
Mortality
Intra-abdominal abscess
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Time to oral intake
Eight studies [18, 19, 22 
Length of hospital stay
All but one [8] of the studies reported this outcome. Significant heterogeneity was present with a I 2 =81%. The random effect model was used. There was a statistical significant difference in favor of the laparoscopic approach with a [WMD=-2.94 (-4.27, -1.62); P=0.001] (Figure 4 ).
Lymph nodes harvest
All the studies reported this outcome. The subgroup analysis performed for high quality studies, totally laparoscopic studies and high tie did not alter the level of significance in any of the above results.
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Discussion
Our study is the first to report meta-analytical data on overall survival, disease free survival, local recurrence and distant metastasis and to compare extended vs conventional lymphadenectomy in transverse colon cancer. The laparoscopic approach appears to retain its significant benefits seen in right and left colectomy techniques, such as shorter hospital stay and time to oral diet with equivalent overall and disease free survival. These benefits remain in the extended lymphadenectomy group. Equivalent local recurrence and metastatic disease development were also found between the two groups.
An extremely low mortality of 0.4% was reported overall in this group of studies, potentially an indicator of the high quality of surgery performed with only two of the studies reporting fatalities as the rest of the studies had reported a morality of zero. The low reported mortality though may also be an indicator of an inherent selection bias supported by the low BMI reported in seven [26, 25, 21, 24, 7, 19, 18] of the studies and the poor reporting of ASA score which can affect the external validity of the studies. Higher BMI levels usually found with North American and European patients may make the laparoscopic approach more difficult.
As expected laparoscopic resections were found to take longer time to complete, reflecting the difficulty of the laparoscopic dissection and the potential prolonged learning curve required to master this type of anatomical resection. Although there was high heterogeneity in relation to this outcome, part of it might be explained by the fact that in only one study [7] 
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13 laparoscopic dissection around central mesenteric vessels to achieve a high tie can prepare surgeons in gaining the advanced laparoscopic skills needed to perform lymph node dissection around the middle colic artery and the difficult mobilization of the transverse colon.
In relation to the oncological outcomes of overall survival and disease free survival reported results were excellent for both groups. The follow-up period beyond the 2 years with some studies reporting data on a 71-month period is also very good. The results though are weakened by the absence of reporting and potential control of the adjuvant treatment regimes employed in most studies which can have a direct influence on these outcomes, especially in patients with stage III disease.
The inclusion of non-randomized studies and the possible selection bias that these may introduce to the meta-analysis, even though this is the only level of evidence currently available should be considered as one of its limitations. Some of the outcomes were poorly defined and this may be one of the reasons that outcomes such as length of stay, time to oral intake and operative time indicated high heterogeneity, as already described. Calculation bias might be present in the overall and disease free survival outcomes as HRs were not reported in any of the studies but were calculated using statistical methods [16] .
Overall, the reviewed evidence suggests that laparoscopic colectomy for transverse colon cancer is feasible and safe when performed by experienced surgeons. It also carries the benefits of other laparoscopic colonic resection techniques such as faster oral intake and discharge while having equivalent morbidity, mortality, overall and disease free survival when compared to the open approach (level IIIa evidence) [37] . Further higher level of evidence is required to support these findings, but in the current era and evidence in favor of the laparoscopic technique it would only M A N U S C R I P T
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14 be ethical for these to be obtained through high quality prospective trials rather than randomized controlled trials. Table 2 . Studies' significant independent variables/external validity comparison 
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M A N U S C R I P T Studies included in quantitative synthesis (meta-analysis) (n = 11)
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